D
ISPERSAL dynamics can play a large role in determining spatial and temporal trends in diversity in ecosystems that experience regular disturbance. The Everglades (Florida, USA; Fig. 1 ) is a large, karstic wetland subject to Caribbean climatic cycles yielding seasonal periods of flooding and drying (Davis, 1943; Fennema et al., 1994; Gunderson, 1994) . Draining and water diversions shortened hydroperiods throughout the ecosystem for most of the 20 th century, which has led to the initiation of a major restoration initiative largely aimed at recovering historical hydrology to the greatest extent possible (Light and Dineen, 1994; National Research Council, 2007) . Though with great uncertainty, climate change scenarios mostly predict a drier future climate in southern Florida, reinforcing the need to efficiently use water for environmental benefits (Pearlstine et al., 2010) . Furthermore, maintenance of groundwater levels are seen as the only practical way to slow impacts from sea-level rise that are already affecting South Florida and are expected to continue (Pearlstine et al., 2010) .
Small fish with annual life cycles play a central role in the food-web ecology of the Everglades, where they are prey for apex predators such as wading birds, alligators, and larger fishes. Empirical diversity patterns for these fish are driven by a variety of factors across spatial and temporal scales, but the annual rise and fall of water levels is foremost among them (Trexler et al., 2001) . Large portions of the landscape dry each year, eliminating local populations where drying occurs (Fennema et al., 1994; DeAngelis et al., 1997 DeAngelis et al., , 2010 Trexler et al., 2001) . Sub-regions of varying hydrologic conditions can be thought of as patches within a metacommunity . Management and sustenance of apex predators in the future Everglades is thought to be tied to the productivity and spatial ecology of small fish and macroinvertebrate communities that are strongly tied to ongoing water management, past water extraction, and future restoration (Trexler and Goss, 2009) . Understanding the behavioral ecology of fish dispersal is a fundamental step to predicting the benefits of responses to current and future challenges of water management in the Everglades (Yurek et al., 2013) .
Recent modeling studies on the re-populating of newly flooded portions of the Everglades have focused on the dynamics of fish dispersal and migration (DeAngelis et al., 1997 Jopp et al., 2010) . Passive dispersal by fish entrained in water currents is unlikely in the Everglades system, owing to extremely low current speeds and because the direction of flow is perpendicular to the direction of wetland re-flooding (Ho et al., 2009) . Remnant populations in small, local refuges (like solution holes or alligator ponds) may supply a recruitment base during re-colonization (Loftus et al., 1992; Gaff et al., 2000) , but their population sizes are far too low to contribute much to the recolonization (Kobza et al., 2004; DeAngelis et al., 2010) . Models comparing re-colonization rates from random diffusion with directed migrations (movement biased in the direction of the flooding front) of fish from a large, permanent, water body suggest that directed migrations must occur to supply the biomass observed in re-flooded areas Jopp et al., 2010) . These directed migrations may be driven by fish moving with taxis toward newly available food resources along the flooding front, resulting in a dynamic ideal free distribution . Fishes may also change their activity levels (speed, turning frequency, or step length-defined as sustained movement in one direction) in response to changing water levels. This may lead to the arrival of fish in re-opened habitats faster than purely random movement, but more slowly than directed migration, serving as a less efficient mechanism by which fish approach a dynamic ideal free distribution.
Directed movement by animals can be of major importance for metapopulation and metacommunity dynamics (Armsworth and Roughgarden, 2005; Abrams et al., 2007; Jacobson and Peres-Neto, 2010) . Animals moving with directional bias orient their movement toward a specific cue, whereas randomly moving organisms do not orient behavior (distance traveled, turning rate, or turning angle) in response to cues (Armsworth and Roughgarden, 2005) . Taxis, focused movement toward or away from a cue, yields strongly directional displacement (Schick et al., 2008) . Directed movement appears to be common in animals from butterflies (Conradt et al., 2000) to sharks (Papastamatiou et al., 2011) . Alternatively, organisms may respond to cues by changing activity (increasing speed and distance moved in a single bout, or increasing turning angle and turning rate), but not the specific direction of movement. Lévy flights (movement paths whose step lengths have heavy-tailed distributions, resulting in occasional, very long steps) may result from this behavior (Viswanathan et al., 1996) . These behaviors are thought to increase search efficiency. Biphasic movement patterns (resulting from changes in gross activity level) have been observed in elk (Cervus elaphus), which show ''searching'' movements when attempting to locate favorable habitats and ''encamped'' movements once they arrive in one (Morales et al., 2004) . Two common fish from the Everglades, Eastern Mosquitofish (Gambusia holbrooki) and Flagfish (Jordanella floridae), display distinct pulses of activity that correspond to wetland drying and reflooding, punctuated by periods of lower activity (Goss et al., 2013) .
Fish immigration (Snodgrass et al., 1996; Baber et al., 2002; Hohausová et al., 2010) and emigration (Poizat and Crivelli, 1997; Cucherousset et al., 2007; Henning et al., 2007; Parkos et al., 2011) to and from temporary wetlands have been well documented in several ecosystems. These migrations tend to be observed at narrow transition points between the temporary wetland and more permanent water. In the Everglades, temporary wetlands are continuous with more permanent water, creating a complex landscape over which fish must move to and from temporary habitat. The population dynamics of small fishes in the Everglades landscape have been assessed using long-term data obtained by throw trapping (Trexler et al., 2001 Ruetz et al., 2005) . While fish movement was implicit in those studies, the direction and magnitude of movement was not measured because the small size of the fish precludes tracking individuals by standard methods.
We used encounter samplers (Obaza et al., 2011) to assess the magnitude of activity and the direction of movement of small fish. We sought to ascertain the behavior of fishes at sites of different disturbance intensity (frequency and intensity of marsh-drying) and at different times relative to the disturbance (during the periods of drying, stability, and subsequent re-flooding). We addressed two goals by testing the null hypotheses: 1) fish activity and movement direction does not vary between long and short-hydroperiod habitats and 2) fish activity and movement direction does not vary seasonally (wet vs. dry). If fish movement is random, we expect to see no difference in encounter rates or directionality between hydroperiod regions or among seasons. Fish following these patterns are likely to die from stranding during drying and to be the slowest to recolonize sites after reflooding. If the direction of fish movement is random, but activity levels change (possibly reflecting behavior similar to Lévy flights), we expect to see greater encounter rates in regions with short hydroperiods or during periods of change in water levels, but no directional bias. We predict that more active fishes will encounter a larger proportion of the environment, have a greater likelihood of locating favorable habitat (like reflooded sites and dry-season refuges), and move between hydroperiod regions more quickly than fishes that do not change activity levels. If fish move with directional bias, we expect differences in capture of fish traveling in one direction in different hydroperiod regions or as water levels change. These fishes will be the fastest colonizers of newly opened habitat and the most likely to escape region-level disturbances, such as marsh dry-downs.
MATERIALS AND METHODS
Study system.-This study took place in the Shark River Slough drainage of Everglades National Park (Fig. 1) . The region is composed of wet-prairies, characterized by spikerush (Eleocharis cellulosa), maidencane (Panicum spp.), and beakrush (Rhynchospora spp.) with slightly topographically higher ridges dominated by sawgrass (Cladium jamaicense; Loveless, 1959; Gunderson, 1994) . The system is pulsed with water during the wet season, which lasts from about May to November (DeAngelis, 1994; Duever et al., 1994) . Sawgrass ridges and wet-prairie sloughs form a braided hydroscape oriented parallel to the direction of water flow, but perpendicular to the direction that water expands and contracts (Ho et al., 2009; Larsen and Harvey, 2010) . Thus, available habitat for fishes expands and contracts, sometimes at a rapid rate (DeAngelis et al., 1997) .
For small fishes in the Everglades, methods for direct study of movement (tagging, direct observation, etc.) are impractical owing to dense vegetation and their small size.
The expansive and open landscape of the Everglades precluded trapping at choke-points in the habitat (as in Poizat and Crivelli, 1997; Cucherousset et al., 2007; Henning et al., 2007) . When attempted, recapture rates of marked fishes was very low (unpubl. data). We used indirect methods to estimate the directionality of moving fishes by use of drift fences, similar to fence traps used to quantify directional movement of insects, mammals, herpetofauna, and other animals (see Obaza et al., 2011 and references therein) .
Collections.-Fishes were captured with unbaited, 3 mm wire-mesh minnow traps (entrance diameter 5 25 mm) embedded in drift fences (see Obaza et al., 2011 for complete construction methods and technical evaluation). The fences were constructed from four sheets of plastic ground-cloth, 12 m long and up to 1.5 m tall, supported by posts. These were sewn to the corners of a central, square-shaped fence (also made of ground-cloth, 1.5 m per side) with each side facing a cardinal direction. The four fences extended at 45 degree angles from the corner of the central square, forming an ''X'' when viewed from above (Fig. 2) . Moving fishes were corralled into the traps facing their direction of origin. We sampled traps when water depths were between 15 cm (the minimum depth at which the minnow trap openings were submerged) and the height of the fence. Potential bias in capture may result from escape and avoidance by fish, predation within the trap, and other local influences (He and Lodge, 1990; Dupuch et al., 2011; Obaza et al., 2011) . We made the assumption that these biases were constant over the landscape and would equally affect results from different hydroperiod regions. The size of fishes capable of being caught in the traps was limited to those with a body diameter between the wire mesh size of 3 mm, and the 25 mm trap opening. Following Obaza et al. (2011), we treated catch-per-minnow-trap as a measure of encounter rate.
We sampled four sites within long-hydroperiod areas (hydroperiod . 300 days per year inundated) and five shorthydroperiod sites (,300 days inundated; Trexler et al., 2001) . Each site had multiple traps less than one km apart (Table 1 ). Sampling began in May 2004 and continued through December 2009. We attempted to sample monthly in the long-hydroperiod areas and as often as twice a month in the short-hydroperiod sites when water was present; access and low water levels limited sampling in the dry season. Traps were soaked for 24 hours, after which, fishes were removed. Fishes were euthanized by immersion in a solution of tricaine methane sulfonate (MS-222; Argent Chemical Laboratories, Inc., Redmond, WA), followed by preservation in a 10% formalin solution (UFR Committee, 2004) . In the laboratory, fishes were transferred to 70% ethanol, identified to species, and counted.
Fish population density estimates were obtained for a subset of our samples (within the same month as sampling) by means of throw-trap sampling. Throw trapping was not possible at our short-hydroperiod sites because of rocky and uneven substrate, so to estimate fish population density in short-hydroperiod conditions, we used data collected in nearby areas. We collected density data in areas between 5 and 10 km from short-hydroperiod sites (''Short-A'') and between 1 and 5 km from other short-hydroperiod sites (''Short-B''). A 1 m 2 throw trap with 1.6 mm mesh covering four sides was thrown into random positions within a plot and quickly pressed into the substrate. Fishes were collected by passing a bar seine (1.6 mm mesh) through the trap until three consecutive passes of the bar seine yielded no animals. After the trap was cleared with the bar seine, dip nets (0.5 and 1.5 mm mesh) were passed through it until five consecutive passes yielded no fish (see Jordan et al., 1997 for complete methodology). Three to seven throw-trap samples were taken at each site in the long-hydroperiod sites (following Jordan et al., 1997) . We used the throw-trap data to calculate the average density per square-meter for the most common species.
For sites where fish movement was estimated using drift fences and densities were estimated with throw traps (sites 6, 7, 8, 23, and 50), fish speed was calculated following Obaza et al. (2011) . Encounter rate of mobile prey, E (treating the Gerritson and Strickler, 1977; MacKenzie and Kiorboe, 1995) :
E~VNzmAN ð1Þ
We solved for m, the speed of the prey. A is the search area and V is volume searched per unit time (both constants across this study because traps were all the same size and soaked for the same length of time). N is the density of fish. Therefore, fish speed is proportional to the relative difference between the encounter rate and population density (m ! [E-N]/N). We have found that this approach yields reasonable estimates of movement speed (m/sec) based on independent estimates from the literature (Obaza et al., 2011 ), but we use these values as an index of relative speed. Encounter rate, E, was calculated as the average number of fish caught in directional minnow traps at a replicate drift fence within a site. Bias in directional movement was calculated by considering catch in a single minnow trap as a vector in the direction that it faces and a magnitude equal to the number of fish caught within it. We averaged the vectors from the four directions of the minnow traps within a drift fence using the Pythagorean Theorem (Fig. 2) .
We did not analyze the specific direction of the vector because it may be influenced by factors that were not measured, like the direction of paths to long-hydroperiod sites (owing to sawgrass ridges [Larsen and Harvey, 2010] ), direction to local refuges (canals and alligator ponds), regional-scale impediments to travel (levees and tree islands), specific environmental gradients (for example, food availability), or forward persistence propensity by individuals (Benhamou, 2006) . Instead, we focused on the magnitude of the bias-vector because it represents fish moving together in the same direction, possibly in large pulses (Goss et al., 2013) , and identified non-random directional movement, if present. We distinguished between directed movement and random movement of fish moving in large schools by using the average magnitude of directional bias collected from multiple replicate traps at a single site at the same time.
We interpret a lack of variation in encounter rate or directional bias between hydroperiod regions or seasons (rising, stable, or falling water) as indicative of fishes not changing behaviors in response to the changing environment. If the encounter rate of fishes vary between short-and long-hydroperiod regions and among periods of the year, but directional bias does not, we interpret this as indicative of changing activity in response to environmental cues but with non-directed, essentially random, travel. Finally, we interpret differences in encounter rates and directional bias between hydroperiod regions or during periods of changing water levels as fishes changing activity levels and increasing the directional bias of their movements. Directed movements that peak as water levels increase are interpreted as ''exploratory'' movement by those fish (Burns, 2004) . Those that peak as water levels began to fall are interpreted as ''escape'' behaviors. During periods of falling water, an increase in activity without an increase in directional bias is interpreted as ''panicking.'' Statistical analysis.-We performed all analyses separately for the eight most abundant fishes captured in our study. We explored variation in fish population density by comparing the estimates from throw-trap samples from seven long-term study sites (Fig. 1) . Sites 23, 6, 7, and 8 were pooled into ''long-hydroperiod,'' and collections from Short-A, Short-B, and 50 were grouped into ''short-hydroperiod.'' We only used samples that were collected during the wet season (May-December) because during the dry season, too many short-hydroperiod sites were dry (Table 1) . For each species, we used a general linear model to perform factorial analysis of variance (SAS 9.2, SAS Institute, 2008) to determine the effect of site (nested within region), region, year, and the interaction between region and year on variation in wetseason population density (log[x + 1] transformed for all data to meet standard assumptions). Year was treated as a random factor to account for inter-annual variation affecting all sites similarly.
We were concerned that drift-fence catch might reflect local population density rather than movement of fish over the landscape. To test whether this was the case, we performed model II regression (orthogonal, univariate variances; JMP 5.1, SAS Institute, 2005), using drift-fence catch to predict density as indicated by throw traps. We used only data where neither encounter rate nor density were zero, and performed log-transformations for all density and encounter rates to meet standard statistical assumptions. We compared the calculated speed (m) of fish for the sites where we had both throw-trapping density estimates and driftfence encounter rate estimates (sites 6, 7, 8, 23 , and 50) with a general linear model ANOVA (SAS Institute, 2008) . When the effect of site was significant (P , 0.05), we used TukeyKramer post-hoc tests to determine which sites differed from each other.
To test our hypotheses about movement behavior, we used non-parametric (rank transformed), factorial ANOVA (SAS Institute, 2008) to identify how encounter rates varied among seasons and between hydroperiod regions for each species. We tested the hypotheses that encounter rate was equal in long-and short-hydroperiod regions, among periods of rising, falling, or stable water, and with their interactions. The ''wet season'' typically begins in May or June when water levels rise and short-hydroperiod marshes re-flood. During the late summer and early fall water levels are approximately stable. Water levels begin to drop in the late fall, and short-hydroperiod wetlands can be completely dry by the end of December (but occasionally are wet until later in the winter). Water levels were retrieved from the Everglades Depth Estimate Network (an integrated network of real-time water-level monitoring, and ground-level/watersurface modeling; Liu et al., 2009; Telis et al., 2012) . Sites 6, 7, 8, and 23 were treated as long-hydroperiod sites, and S332B, S332D, Chekika, Context Road, and 50 as shorthydroperiod sites (Fig. 1) . We completed similar nonparametric (rank transformed), factorial (SAS Institute, 2008) ANOVAs for the magnitude of directional bias, but only included samples with the species of interest present.
RESULTS
The most common fishes captured by drift fences were Marsh Killifish (Fundulus confluentus; n 5 1302, standard lengths [SL] of these fish ranged from 15 mm to 70.6 mm), Eastern Mosquitofish (n 5 21502, SL range 5.6-52.6 mm), Flagfish (n 5 3624, SL range 8.3-41.5 mm), Dollar Sunfish (Lepomis marginatus, n 5 6970, SL range 12.3-58.5 mm), Bluefin Killifish (Lucania goodei, n 5 1547, SL range 5.3-36.5 mm), and Sailfin Molly (Poecilia latipinna, n 5 2038, SL range 8.60-59.1 mm). We also analyzed data for Golden Topminnow (Fundulus chrysotus, n 5 470, SL range 14.1-67.8 mm) and Least Killifish (Heterandria formosa, n 5 247, SL range 12.24-34.9 mm). Individuals of small sizes may have been able to escape through the mesh of the traps and similarly, large individuals of deeper bodied fish, like Dollar Sunfish, may not have been able to fit in. Only three of the species that we evaluated exhibited differences in density between long-and short-hydroperiod areas: Golden Topminnow, Least Killifish, and Bluefin Killifish were 2.3, 4.2, and 8.2 times denser at long-hydroperiod sites than at short-hydroperiod sites, respectively ( Fig. 3A, 3B ; Table 2 ).
Only two species exhibited relationships between encounter rate and population density. Encounter rates (E) of Flagfish were positively related to population density (but with a low coefficient of determination; slope 5 1.26, R 2 5 0.18, P 5 0.027; Fig. 4 ), while encounter rates of Bluefin Killifish were negatively related to their density (slope 5 21.016, R 2 5 0.082, P 5 0.040; Fig. 4 ). Since drift-fence encounter rate is proportional to the product of fish speed and their density in the study area (Obaza et al., 2011) , but density is not strongly correlated with encounter rate, we interpret variation in encounter rate as more indicative of variation in fish activity than local population density.
Estimated speed (m) varied among sites for Eastern Mosquitofish (F 4,96 5 4.12, P 5 0.004) and Least Killifish (F 4,14 5 18.97, P 5 0.0002). Post-hoc tests showed that Eastern Mosquitofish moved fastest at site 50 (a shorthydroperiod site) and slowest at sites 6, 7, and 8 (longhydroperiod sites). Site 23 (long-hydroperiod site) was intermediate and not detectably different from other sites. Least Killifish moved faster at site 50 than at any other site. Bluefin Killifish showed variation in speed among sites (F 4,52 5 2.6, P 5 0.0482), but post-hoc tests could not identify any particular sites as having faster-moving fish.
All of the fishes showed at least some behavioral response to either the hydroperiod of the wetland or whether water was rising, stable, or falling ( Fig. 3A, 3B ; Tables 3-5). Two species showed variation in activity levels (as indicated by differences in encounter rate), but not directional bias (Tables 3, 4) . Sailfin Mollies displayed increased activity during periods of rising and falling water level (Fig. 3B) . Least Killifish displayed greater encounter rates as water levels increased in short-hydroperiod regions (Fig. 3A) . Directional bias did not vary for Sailfin Mollies or Least Killifish. Four species displayed directionally biased movement: Eastern Mosquitofish, Dollar Sunfish, Flagfish, and Bluefin Killifish (Fig. 3A, 3B ; Table 4 ). Of these, Eastern Mosquitofish was most notable, with greater encounter rates and directional bias as water levels dropped and at shorthydroperiod sites (encounter rate also varied with the interaction between season and region; Fig. 3A) . Dollar Sunfish had greater encounter rates and directional bias as Fig. 3 . A-D (this page) and E-H (following page): Averaged data of the eight fish species from this study. The first column shows population density (back-transformed), measured by throw trapping concurrently with drift-fence sampling. Graphs marked with an asterisk have significant differences between hydroperiod regions at P , 0.05. The second and third columns show mean encounter rates and bias in directional movement (magnitude of the bias vector), respectively. Each of these shows drift fences within regions of long-and short-hydroperiod, for periods of rising water (dark gray), stable water (medium gray), and falling water (light gray). Error bars show 95% CI. Species superscripted with an ''A'' had significant differences between hydroperiod regions at P , 0.05; those with ''B'' had a significant difference among periods of water change; those with ''C'' had significant interactions between region and water level change. Letters in parentheses indicate that the differences were not significant, but nearly so (0.05 , P , 0.10). water levels rose and in short-hydroperiod sites. Encounter rates of Flagfish were greatest as water levels rose and at short-hydroperiod sites; their directional bias was greatest in short-hydroperiod sites. Bluefin Killifish had greatest encounter rates in the long-hydroperiod sites and during periods of rising water; their directional bias was also greatest as water rose and varied with the interaction between region and season. Two species appeared to alter their levels of directional bias only when faced with specific combinations of water-level change and region. Golden Topminnows and Marsh Killifish both displayed variable encounter rates and directional bias that varied with the interaction between region and season. We have summarized these results in Table 5 .
DISCUSSION
The diversity of migratory behaviors represented in a community can have major consequences for community assembly following disturbance events (Wissinger, 1997; Elkin and Possingham, 2008; Altermatt et al., 2011) . We have not found other studies that have attempted to systematically characterize migration behavior by multiple members of a community. By using local population density, encounter rate, and directional bias as metrics to characterize fish movement, we found interspecific differences in movement behavior among periods of changing water level and between hydroperiod regions for six of the eight species in this study. Data for all fish species led to rejection of the null hypothesis of random diffusive movement. We found that six of the eight most abundant small fishes in the Everglades displayed directed migration associated with periods of changing water level. Two species were best characterized as dispersing over the landscape via diffusion with two general activity modes: ''baseline'' and ''elevated.'' The increased speed and magnitude of fish moving in the same direction is evidence for directed migration over the landscape between short-and long-hydroperiod wetlands or dry-season refuges. This pattern is consistent with animals moving with taxis along environmental gradients, presumably to elevate their fitness (Schick et al., 2008; , and allows the fish to move rapidly into newly available habitats and flee degrading environments. Often, these fish appeared to move together in large pulses. For example, as the habitats dry in the early winter in shorthydroperiod wetlands, we regularly captured hundreds of Eastern Mosquitofish in a single trap. This is consistent with work completed over a smaller geographic range, but greater temporal intensity, in which three behavioral patterns were identified for four of the same fishes that this study addresses (Eastern Mosquitofish, Flagfish, Least Killifish, and Bluefin Killifish): immigration to a short-hydroperiod wetland, a period of low activity ''foraging,'' followed by emigration (Goss et al., 2013) . When scaled up to landscape level migrations, species-specific migratory behavior can have implications for population displacement and community assembly by affecting the timing and probability that species arrive in safe habitats.
When drift fences were used concurrently with throw trapping, we were able to detect differences in speed (m) among sites for Eastern Mosquitofish, Least Killifish, and Bluefin Killifish. For Least Killifish and Eastern Mosquitofish, site 50 had fishes that moved most quickly, followed by site 23 (Bluefin Killifish also varied for speed, but post-hoc tests were unable to identify any specific pairs of sites as different from each other). This is consistent with the hypothesis that the fishes that immigrate into shorthydroperiod regions, like site 50, do so because of behavioral changes that increase their speed. None of the species had greater wet-season population densities in short-hydroperiod regions (four were equal between hydroperiod regions, Fig. 4 . Population density plotted against encounter rate for eight fish species. Best-fit lines from model II regression appear in the graphs when the regression had P , 0.05, with the slope and its 95% confidence interval (in parentheses).
four were denser in long-hydroperiod sites), yet all of the fishes (except Sailfin Mollies and Bluefin Killifish) had equal or greater encounter rates at short-hydroperiod sites. This suggests that those species move more quickly at shorthydroperiod sites. Given the population densities and encounter rates of Bluefin Killifish and Sailfin Mollies in the long-and short-hydroperiod regions, both appear to maintain similar movement speeds in both regions. The most abundant species, Eastern Mosquitofish, was a strongly directed mover (Table 5) , with greater encounter rates and directional bias in short-hydroperiod regions and higher activity during the periods of changing water level. Eastern Mosquitofish movement patterns suggest they are following a dynamic ideal free distribution. Eastern Mosquitofish are widely reported to be very rapid colonizers of new habitats and efficient emigrants from degrading habitats (Brown, 1985 (Brown, , 1987 Loftus and Kushlan, 1987; Trexler et al., 2001 Trexler et al., , 2005 Ruetz et al., 2005; Goss et al., 2013) . We believe that these migrations are driven by following fitness gradients, perhaps toward high levels of food made available as dry wetlands become flooded and then escaping those areas as they dry (although we did not directly measure fitness over the landscape). The diversity and density of small invertebrates (a major food source for the fishes in this study) are greater in shorter hydroperiod regions (Sokol et al., 2013) , suggesting that perhaps food availability is a motivation for fish to move in to the temporary wetlands. Directionality was more pronounced in the short-hydroperiod regions, where fitness gradients are likely steeper. The relationship between the population density of Eastern Mosquitofish and a site's hydrology has been reported to be weak (Trexler et al., 2001; Ruetz et al., 2005; Trexler and Goss, 2009) . This is probably because they are extremely fast colonizers of newly available habitat and may follow very closely behind the flooding front of water as it arrives in reflooded areas (Brown, 1985 (Brown, , 1987 Loftus and Kushlan, 1987; Trexler et al., 2001 Trexler et al., , 2005 Ruetz et al., 2005) . They have also been reported to be the last to emigrate from drying marshes and do so over a short period of time just prior to complete drying (Cucherousset et al., 2007) .
Flagfish and Marsh Killifish attain their maximum population densities very soon after marsh re-flooding, followed by a steady reduction in densities (Trexler et al., 2001 Ruetz et al., 2005; Trexler and Goss, 2009) . Our results are consistent with these fishes, along with Golden Topminnow, rapidly entering a newly flooded, shorthydroperiod site owing to increased activity and directional bias, then reducing activity as the wet season continues. This may reflect an ''exploratory'' behavior mode used by these fishes, increasing their likelihood of entering newly opened, high quality habitat (Table 5) . A striking pattern for Marsh Killifish was the region-by-season interaction for both activity levels and directional bias. Marsh Killifish had a very high encounter rate and directional bias as water rose at short-hydroperiod sites. In the long-hydroperiod sites, movement direction was most biased when water levels were falling. This is also consistent with the elimination of a food-availability gradient between long-and short-hydroperiod sites as prey is progressively grazed down. Dollar Sunfish increase directional bias and activity levels as water levels drop, suggesting that they switch to an ''escaping'' behavioral mode in order to emigrate from a region before it dries.
Bluefin Killifish populations are reported to enter areas recovering from drying very slowly, sometimes taking years to reach pre-drying densities in places that only dry rarely (Trexler et al., 2001; DeAngelis et al., 2005; Ruetz et al., 2005; Trexler and Goss, 2009) . Because Bluefin Killifish did show bias in directional movement, but remained scarce in short-hydroperiod sites, it is likely that the cues that they follow are not oriented in the direction of the hydroperiod gradient (displaying ''anti-migratory'' behaviors; Table 5 ). They may be discouraged from entering newly flooded habitats by predators or competitors that move in quickly. In that case, Bluefin Killifish would be unlikely to rapidly colonize newly flooded areas and instead arrive slowly.
Sailfin Mollies and Least Killifish appeared to increase activity levels in different hydroperiod regions or seasons, but without using directional bias. These species may increase movement speeds or step lengths in response to cues, but they do not appear to navigate in an organized way. This may be similar to behaviors observed for elk: switching between ''encamped'' behaviors when conditions are good, to ''exploratory'' behaviors when conditions deteriorate (Morales et al., 2004) . This also may be an example of fish taking paths similar to Lévy walks, with a series of longer step lengths to increase efficiency in diffusing through the environment (Benhamou, 2007) . Such dispersers move over the landscape following a reactiondiffusion pattern and, owing to increased sampling of the environment, may locate favorable habitats, but at a lower rate than the directed movers. The movement behaviors of the Least Killifish may result in an apparent ideal free distribution because once favorable habitats are reached, fish may remain. The Sailfin Molly's increase in movement rates as water levels drop may correspond to ''panicking'' behavior during its last opportunity to seek dry-season refuge (Table 5) .
Differential dispersal ability and behavior can greatly affect community structure and metacommunity dynamics (Leibold et al., 2004; Elkin and Possingham, 2008; Altermatt et al., 2011) . Because of different dispersal strategies used by Table 5 . Summary of behavioral patterns and hydrological conditions at maximum activity/movement for each species. Directed movers increased directional bias given a hydrological cue. Composite diffusers displayed variation in activity but not directional bias. No fish showed evidence for simple diffusion (random movement). ''Exploring'' fish had their maximum activity and directedness as water levels rose, ''escaping'' fish had maximum activity and directedness as water levels fell, ''strongly migratory'' fish had directed movement at either period of water level change, and ''panicking'' fish had higher, but undirected, activity at periods of water level change.
Species
Behavioral Composite diffusion, panicking Changing water level different fishes, community structure at short-hydroperiod sites is likely to be quite dynamic. Superior dispersers should be the first to exploit newly available wetlands upon flooding, followed by those with progressively slower colonization behaviors. Some members of the community may not arrive before conditions change again, and thus be underrepresented in some parts of the landscape. In most years, by the end of the summer, fish community structure in short-hydroperiod regions is similar to that of longhydroperiod sites (Sokol et al., 2013) . This demonstrates that despite the differences in movement among species, the community is capable of successfully regenerating. During the dry season, Everglades fishes may become concentrated into drying pools where they are preyed upon by large assemblages of wading birds (Frederick et al., 2009) . We predict that those assemblages may be biased toward fishes that are the slowest to emigrate in periods of drought. In years with less rainfall, the hydroperiod of temporary wetlands may be severely reduced. During these years, species that are poorer dispersers (Sailfin Mollies and Bluefin Killifish, for example) may be less able to migrate to these sites (or not appear at all), thus altering the local food web. We have demonstrated that movement behavior changes over time and space for small fishes using passive sampling methods. For these abundant fishes in the Everglades, we have shown that random migrations are unlikely; fishes respond to changing conditions by increasing activity levels, by increasing the magnitude of bias in their directional movement, or both. Those behaviors can be used to predict how and when species will enter newly available habitat to escape disturbances. These empirical results support the models published by DeAngelis et al. (2010) , which predict that fishes move non-randomly toward short-hydroperiod wetlands as they re-flood each year. Movement behaviors reported here also support the hypothesis of Goss et al. (2013) , that fishes adjust behavior in response to the hydrological state of their environment. These results have immediate application in ongoing restoration of the Everglades through application in modeling efforts used to guide planning Yurek et al., 2013) . We propose that community-wide description of movement behavior can be used to better understand successional dynamics in disturbed ecosystems, parameterize models of animal migration across landscapes, and improve our understanding of metacommunities.
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